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Abstract Cervical spine instability in children is rare but
not exceptional and may be due to many factors. Although
it mostly occurs at the upper cervical spine, all vertebrae
from the occiput to T1 may be involved. It may be acute or
chronic, occurring secondary to trauma or due to congenital
anomaly, skeletal or metabolic dystrophy or rheumatoid
arthritis. It can be isolated or associated with other mus-
culoskeletal or visceral anomalies. A thorough knowledge
of embryology, anatomy, physiology and physiopathology
of the cervical spine in children is essential to avoid pit-
falls, recognize normal variants and identify children at
risk of developing cervical spine instability and undertake
the appropriate treatment.
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Introduction

The cervical spine represents the most mobile spinal seg-
ment and is therefore more exposed to accidents which can
sometimes lead to irreversible neurological complications.
Anatomical and biomechanical differences between the
developing child and the adult account for the different
patterns of injury in these two groups.

I. Ghanem (X)) - S. El Hage - R. Rachkidi - K. Kharrat -
F. Dagher - G. Kreichati

Department of Orthopaedic Surgery, Hotel Dieu de France
Hospital, Boulevard Alfred Naccache, Achrafieh, Beirut,
Lebanon

e-mail: ghanem.i@dm.net.lb

A thorough knowledge of the anatomy, embryology and
normal development of the pediatric cervical spine is
essential to understand its specific problems and avoid
pitfalls. Diseases are classified according to whether they
involve the upper (occiput, Cl1, C2) or lower (C3-C7)
cervical spine segments.

Anatomy and development

The cervical spine is made up of two anatomically and
functionally distinct segments: the upper cervical spine (C1
and C2), which possesses the most rotational mobility with
some degrees of frontal and sagittal plane mobility, and the
lower cervical spine, which allows for two types of move-
ments—flexion-extension and inclination—rotation [1].

The pediatric cervical spine has the distinguishing fea-
ture of being able to adapt to an abnormal situation of one
or the other of the two segments. Thus, a decrease in upper
cervical spine mobility results in an adaptive increase in
the rotatory mobility of the lower segment. Range of
motion of both of these segments decreases as the child
gets older, being limited by osteoligamentous structures
ensuring mechanical stability during growth.

Stabilizing features of cervical spine anatomy [2-5]

Cervical instability concerns mainly the upper cervical
spine, particularly between C1 and C2.

Upper cervical bones and joints are intrinsically unsta-
ble. Articular facets would have little inherent stability if it
were not for their capsuloligamentous attachments. The
osseous anatomy of the lower cervical vertebrae resembles
that of the thoracic or lumbar vertebrae, and the orientation
of the unco-vertebral and zygoapophyseal joints between
C3 and C7 contributes to some stability.
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Fig. 1 Craniocervical ligaments of clinical relevance. a The most
dorsal layer anterior to the spinal cord is the tectorial membrane (1), a
continuation of the posterior longitudinal ligament. b Just anterior to
the former lies the cruciate ligament. This important stabilizer of C1—
2 anterior translation is composed of the transverse ligament (2), and
triangular vertical bands extending cranially to the basion and

Ligaments are the main providers of upper cervical
spine stability (Fig. 1).

Embryology

Certain aspects of embryology are important in order to
fully understand cervical instability in children. Each ver-
tebra develops from three primary ossification centers and
later from secondary centers [6].

The first two cervical vertebrae are unique in their
development, and the remaining five all develop similarly,
from the caudal sclerotome half of one segment and the
cranial sclerotome half of the succeeding segment [7]. The
cranial half of the first cervical sclerotome, known as the
proatlas contributes to the formation of the tip of the
odontoid process and to the occipital condyles [8]. The
vertebral arch of the atlas separates from its centrum and
becomes the ring of C1; the separated centrum fuses with
the proatlas above and the centrum of C2 below and
becomes the odontoid process and body of C2. In sum-
mary, the atlas is made up of three main components—the
anterior arch and the two lateral masses. The axis is made
of four—the body, the two neural arches and the dens (or
five components if the proatlas rudiment is considered).

The lower cervical vertebrae follow the normal forma-
tion scheme of the thoracic and lumbar vertebrae [9] with
two lateral ossification centers and a third one for the body.

Growth and development (Fig. 2)

The developing spine is characterized by the presence of
ossific centers joined by synchondroses. These can be con-
fused with fractures and occasionally can be the site of injury.
Constitutional variants

Certain variations occur during embryogenesis and ossifi-

cation of the cervical vertebrae and may be of interest in
certain cases of cervical instability.
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caudally to C-2 (3). ¢ The most anterior layer consists of the
occipitoodontoid ligaments. These are the rudimentary apical liga-
ment and the essential alar ligaments. The alar ligaments extend from
the lateral aspect of the dens tip to the medial aspect of the occipital
condyles. A lower portion of the alar ligament attaches to the medial
aspect of the atlas lateral masses

The posterior arch of C1 is sometimes in contact with,
articulated with, or even coalesced with the posterior
aspect of the foramen magnum, in which case the atlas is
said to be occipitalized.

The tip of the odontoid process may develop enough to
articulate with the anterior rim of the foramen magnum,
producing a “basilar impression”. This variant is important
in cases of “acute” cervical instability because of the
greater risk of neurological insult. There may be com-
pression of the brain stem and occurrence of neurological
lesions by mechanical compression, vascular compromise
or by changes in the cerebrospinal fluid circulation [10].

Terminology

From a clinical orthopedic point of view, joint instability
occurs each time the anatomical relationships between the
articular components are altered or have the propensity of
becoming abnormal under the influence of certain solici-
tations (usually due to insufficiency or rupture of the
stabilizing structures around the joint) [11, 12]. Vertebral
instability has the distinguishing feature of associating a
risk of neurological involvement with this architectural
problem. This risk is greater because the problem occurs
higher in the spine, and may lead to death in upper cervical
spine instability.

Thus, a thorough knowledge of the terminology used in
certain conditions is necessary to recognize some normal
variants that may be mistaken for real instability situations.
For example, it is necessary to differentiate “laxity”,
“hypermobility” (its corollary), “fixed articular displace-
ment”, “subluxation” and “dislocation”.

Clinical presentation

Cervical spine instability is frequently discovered acci-
dently in an asymptomatic patient, especially in connective
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Fig. 2 Development of the cervical vertebrae. a Atlas: the neurocen-
tral synchondrosis (/) unites the neural arch (2) to the anterior arch (3)
of the atlas. The ossification center of the anterior arch (3) appears
between 6 months and 2 years of life. The posterior synchondrosis of
the spinous processes (4) unites by 4-6 years of age, followed by the
neurocentral synchondrosis (/), which fuses by about the seventh year.
b Axis: the odontoid process (/) develops from two primary
ossification centers that usually coalesce within the first 3 months of
life; the C2 centrum (2) appears by the fifth fetal month and is separated
from the dens (2) by the dentocentral synchondrosis (3). Neural arches
(4) appear bilaterally by the seventh fetal month. Neural arches fuse
posteriorly by the third year. The dentocentral synchondrosis (3) fuses

tissue disorders associated with ligamentous laxity, and in
congenital anomalies. The second clinical picture is that of
torticollis associated with variable trauma. Rarely is a
neurological deficit the revealing clinical sign.

at 3—6 years. Thus, both the posterior and the anterior synchondroses of
C2 are closed by 6 years of age. The ossiculum terminale (5) at the tip
of the dens appears between 5 and 8 years of age and fuses to the dens
between 10 and 13 years of age. The inferior epiphyseal ring (6)
appears at puberty and fuses at about 25 years of age. ¢ Lower cervical
vertebrae: the body (/) appears by the fifth fetal month. Neural arches
(2) appear by the seventh to ninth fetal week. These are separated from
the body by the neurocentral synchondroses (3), which close between 3
and 6 years of age. The posterior synchondrosis between the spinous
processes usually unites by 2—4 years of age. Superior and inferior
epiphyseal rings (5) appear at puberty, are involved in the vertical
growth of the body and unite with the body at about 25 years

Imaging

Some of the radiographic parameters that indicate pathol-
ogy of the cervical spine in adults represent normal
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developmental processes in children. As in adults, standard
radiographs remain the main diagnostic tool of pediatric
cervical instability [13]. Studies such as MRI and/or
computed tomography scanning are reserved for complex
cases in which a more detailed analysis of a congenital
anomaly or a neurological impairment is warranted. Cer-
tain rules must be kept in mind to obtain good quality
radiographs to minimize the risk of diagnostic errors:

1. Radiographs should be taken when possible on an
awake patient, either sitting or standing, in order to see
the patient’s true cervical lordosis, which tends to
diminish in the supine position. If the radiograph must
be taken supine, the child’s shoulders should be lifted
from the table by bolsters [14, 15] because of the
relatively larger head of the child.

2. The X-ray beam must be strictly perpendicular to the
anatomical region to be examined.

3. The X-ray source should be at the farthest possible
distance from the region examined (if a minimal
distance of 2.75 m cannot be respected, a graduated
scale should be radiographed next to the neck to
account for radiographic magnification) [16, 17].

The lateral and open mouth odontoid views, although of
little value in children younger than 5 years because of
difficulty in interpretation [18, 19] are of extreme impor-
tance in the diagnosis of cervical instability in older
children and adolescents. Oblique projections may be
useful in some situations but are not part of the standard
trauma series.

Atlantodens interval and space available
for the cord (Fig. 3)

The Atlantodens interval (ADI) is the space between the
anterior aspect of the dens and the posterior aspect of the
anterior ring of the atlas. An ADI of more than 5 mm on
lateral radiographs indicates instability [1, 20]. This is

Fig. 3 a, b The atlantodens
interval (ADI) and the space
available for cord (SAC) are
used in determining atlantoaxial
instability. The ADI increases as
the SAC decreases. A SAC less
than 13 mm is significant
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more than the 3-mm adult value because of the increased
cartilage content of the odontoid and ring of the atlas in
children, as well as the increased ligamentous laxity in
children. In extension, overriding of the anterior arch of the
atlas on top of the odontoid also can be seen in up to 20%
of children [21].

A mild increase in the ADI may indicate a subtle dis-
ruption of the transverse atlantal ligament. In adults, an
ADI of 5 mm or more suggests such a disruption [22]. In
chronic atlantoaxial conditions (e.g., rheumatoid arthritis,
Down syndrome, congenital anomalies), the ADI is less
useful. In children with these disorders, the ADI is fre-
quently increased beyond the 3- to 5-mm range without
disruption of the transverse atlantal ligaments. The com-
plement of the ADI, the space available for the cord (SAC),
is a more useful measure in this situation. This space is the
distance between the posterior aspect of the dens and the
anterior aspect of the posterior ring of the atlas or the
foramen magnum. A SAC of less than 13 mm may be
associated with neurological problems [23]. In doubtful
cases, a flexion-extension MRI is extremely useful in
evaluating the SAC and repercussions on the brain stem or
the spinal cord [24, 25].

In patients in whom there is an attenuation of the
transverse atlantal ligament without rupture, the alar liga-
ment provides some stability. It acts like a checkrein [26],
first tightening up in rotation, then becoming completely
taut as the odontoid process continues to rotate and move
posteriorly for a distance equivalent to its full transverse
diameter. This safety zone between the anterior wall of the
spinal canal of the atlas, the axis, and the neural structures
is an anatomic constant equal to the transverse diameter of
the odontoid. This constant defines Steel’s rule of thirds:
one-third cord, one-third odontoid and one-third space
(safe zone) (Fig. 4) [26]. This rule remains constant
throughout the growth of the cervical spine [27]. It is here
that the alar ligament becomes taut, acting as a checkrein
and secondary restraint, preventing further movement of
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Fig. 4 a, b Drawing showing the free space according to Steel’s rule
of thirds

the odontoid into the cord. In the chronic situation, it is
important to recognize when this safe zone has been
exceeded and the child enters the region of impending
spinal cord compression. In the case of trauma, the alar
ligament is insufficient to prevent a fatal cord injury in the

event of another neck injury similar to the one that caused
the initial interruption of the transverse atlantal ligament.

Atlantooccipital motion

Normal ranges of motion at the atlantooccipital joint are
not well defined. In a series of 40 normal college freshmen,
the tip of the odontoid remained directly below the basion
of the skull in both flexion and extension [28]. Thus, the
joint should not allow any horizontal translation during
flexion and extension. Tredwell and colleagues [29] believe
that a posterior displacement at the atlantooccipital joint of
more than 4 mm in extension indicates instability. This can
be measured as the distance between the anterior margin of
the condyles at the base of the skull and the sharp contour
of the anterior aspect of the concave joint of the atlas
anteriorly, or as the distance between the occipital protu-
berance and the superior arch of the atlas posteriorly. The
Powers ratio is used to assess the position of the skull base
relative to the atlas and is another way of evaluating the
atlantooccipital region (Fig. 5a). The value should be
between 0.7 and 1; a higher value indicates anterior sub-
luxation of the atlantooccipital joint and a lower value
indicates a posterior subluxation. Another method to
measure posterior subluxation of the atlantooccipital joint
is that of Wiesel and Rothman [30] (Fig. 5b).

Intervertebral relationships of the lower cervical spine

The C2-C3 interspace and, to a lesser extent, the C3—C4
interspace in children have a normal physiological

Fig. 5 a The powers ratio is determined by drawing a line from the
basion (b) to the posterior arch of the atlas (¢) and a second line from
the opisthion (O) to the anterior arch of the atlas (a). The length of the
line BC is divided by the length of the line OA, producing the Powers
ratio. The problem lies in the fact that the basion is not always visible
on plain X-rays. A value less than 0.7 and 1 suggests a posterior
subluxation, whereas a value greater than 1 indicates an anterior

subluxation. b The Wiesel and Rothman method consists of drawing a
line that connects the anterior and posterior arches of the atlas. Two
lines perpendicular to this one are then drawn, one through the basion
and one through the posterior margin of the anterior arch of the atlas.
The distance (x) between these two lines should not change by more
than 1 mm in flexion and extension
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displacement. In a study of 161 normal children [21],
marked anterior displacement of C2 on C3 was observed in
9% of children between 1 and 7 years of age. In some
children, the anterior physiological displacement of C2 on
C3 is so pronounced that it appears pathological (pseudo-
subluxation). To differentiate this from pathological
subluxation, Swischuk [31] has used the posterior cervical
line drawn from the anterior cortex of the posterior arch of
C1 to the anterior cortex of the posterior arch of C3
(Fig. 6). In physiological displacement of C2 on C3, the
posterior cervical line may pass through the cortex of the
posterior arch of C2, touch the anterior aspect of the cortex
of the posterior arch of C2, or come within 1 mm of the
anterior cortex of the posterior arch of C2. A Swischuk line
passing 2 mm or more behind the anterior cortex of the
posterior arch of C2 indicates a pathological anterior dis-
placement of C2 over C3.

The planes of the articular facets change with growth.
The horizontal orientation of the facet joints along with the
relative ligamentous laxity and relatively larger skull than
in the trunk in young children contribute to this common
finding of pseudosubluxation. No treatment is needed for
this normal “physiological subluxation™ [32, 33].

Fig. 6 The posterior line of Swischuk, showing the normal limits. a
Passing through or just behind the anterior cortex of C-2. b Coming
within 1 mm of the anterior aspect of the cortex of C-2. ¢ Touching
the anterior aspect of the cortex of C-2
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Variations in the curvature and growth of the cervical
spine

In the transversal radiographic study of Catell and Filtzer
[21], 16% of normal children showed marked angulation at
a single interspace, suggestive of injury to the interspinous
or posterior longitudinal ligament, and 14% showed
absence of the normal lordosis in neutral position. All of
these signs could be erroneously interpreted as changes
secondary to injury [34].

The dentocentral synchondrosis may be visible in ves-
tigial forms up to 11 years of age [21], and may be
erroneously interpreted as an undisplaced fracture or even a
non-union of an old fracture. Similarly, the ossiculum
terminale may appear by 5 years of age, although it most
typically appears around 8 years of age. This also can be
misinterpreted as an odontoid tip fracture.

Wedging of the C3 vertebral body is a normal radio-
graphic finding in 7% of younger children [35]. A MRI or a
CT scan will demonstrate fracture lines through the body if
one is present and help distinguish it from a normal variation.

Clinical instability disorders and their treatment
Instabilities of malformative origin

Instabilities of malformative origin are the result of con-
genital anomalies, mainly in the upper cervical spine [36].

Atlantooccipital anomalies

C1-C2 instability is present in up to 50% of congenital
atlantooccipital anomalies. Flexion-extension MRI is often
necessary to fully evaluate the pathology [25]. Anterior
compression of the brainstem or cervical cord occurs from
posterior displacement of the odontoid process. This results
in a wide range of manifestations, depending on the site
and severity of compression. Pyramidal tract signs and
symptoms are most common, although signs of lower
cranial nerve involvement can be seen. Compression from
the posterior lip of the foramen magnum or dural con-
stricting band can disturb the posterior columns, with a loss
of proprioception, vibration and tactile senses. Nystagmus
may occur as a result of posterior cerebellar compression.
Vascular disturbances from vertebral artery involvement
can result in brainstem ischemia, manifested by syncope,
seizures, vertigo and unsteady gait. Cerebellar tonsil her-
niation can occur. The altered mechanics of the cervical
spine may result in a dull, aching pain in the posterior neck,
with intermittent stiffness and torticollis. Irritation of the
greater occipital nerve may cause tenderness in the pos-
terior scalp [37].
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The natural history of atlantooccipital anomalies is
unknown. The neurological symptoms may develop very
late, and show slow progression, because the associated
C1-C2 instability progresses with age, and the increased
strain placed on the C1-C2 interval produces gradual
spinal cord or vertebral artery compromise.

Treatment is difficult. Surgery for atlantooccipital
anomalies is more risky than for isolated anomalies of the
odontoid [38, 39]. For this reason, nonoperative methods
should be attempted initially. Cervical collars, braces, and
traction often help for persistent complaints of head and
neck pain, especially after minor trauma or infection.
Immobilization may achieve only temporary relief if neu-
rological deficits are present. Patients with evidence of a
compromised upper cervical area should take precautions
not to expose themselves to undue trauma.

When symptoms and signs of C1-C2 instability are
associated with atlantooccipital anomalies, a posterior
occiput-C2 fusion is indicated. Preliminary traction to
attempt reduction is used if necessary. If reduction is
possible and there are no neurological signs, surgery has a
better outcome [38—40]. In posterior instability, there is an
increased risk of pseudarthrosis and graft resorption after
isolated posterior fusion. An anterior transoral fusion can
be offered, but its results are variable due to the relatively
thin anterior border of the occiput. Posterior signs and
symptoms may be an indication of posterior decompres-
sion, depending on the evidence of dural or osseous
compression. Results vary from complete resolution to
increased deficits and death [38, 41]. In the instance of no
instability but only compressive pathology, the role of
concomitant posterior fusion has not yet been determined.
However, if decompression destabilizes the spine, con-
comitant posterior fusion should be considered.

Unilateral absence of CI

Unilateral absence of C1 ranges from hypoplasia of a lat-
eral mass to complete agenesis of a hemiatlas with rotatory
instability and basilar impression [42, 43]. Two-thirds of
the children present with symptoms at birth; the others
develop torticollis and are noticed later. Neck flexibility is
variable and decreases with age. The condition is not
painful. Neurological signs are present in about a quarter of
the patients. The natural history is unknown.

Standard anteroposterior and lateral radiographs rarely
give the diagnosis, although the open-mouth odontoid view
may suggest it. Tomograms or CT scans usually are needed
to visualize the anomaly. Occasionally, the atlas is
occipitalized.

The deformity should be observed to document the
presence or absence of progression. This observation is
primarily clinical (e.g., photographic), because radiographic

measurements are difficult if not impossible to obtain.
Bracing does not halt the progression of the deformity.
Surgical intervention is recommended in those patients with
severe deformities. A posterior fusion from the occiput-C2
or occiput-C3 with or without decompression is performed.
The ideal age for posterior fusion is between 5 and 8 years,
corresponding to the age at which the canal size reaches
adult proportions.

Aplasia of the odontoid

Aplasia of the odontoid ranges from mild hypoplasia to
complete aplasia. It may be isolated or be part of a complex
of syndromes, and is often an incidental finding. Its clinical
relevance lies in the associated atlantoaxial instability
which may be in flexion, extension or multidirectional.

Treatment is only surgical because of the high risk of
neurological complications following the mildest trauma.
In some instances, it is discovered in adults seeking treat-
ment for cervical pain or repetitive torticollis. The resulting
hypermobility may produce a pannus similar to that seen in
rheumatoid arthritis.

Os odontoideum

Os odontoideum is a rare anomaly characterized by a
transverse gap dividing the odontoid process separating the
apical segment from the basilar segment [44, 45]. Some
advocate a congenital cause, whereas others incriminate a
mechanical and vascular compromise leading to segmental
necrosis of the odontoid process. The exact etiology,
however, remains unknown [46].

Neck pain is the usual presentation. Presentations
attributable to vertebral artery compression from instability
are less common. Sudden death rarely occurs.

Radiographs show an oval or round ossicle with a
smooth border located in the position of the odontoid tip. It
is sometimes difficult to differentiate this entity from non-
union following a fracture. Flexion-extension lateral
radiographs are useful to assess instability, and MRI and
CT scan are useful to analyze bony anatomy and any
possible impact on the nervous system.

Hypermobility at the C1-C2 level may cause transient
occlusion of the vertebral artery. Patients with pain or
transient myelopathies often recover with immobilization.
Strenuous activities should be avoided. The long-term
natural history is unknown.

Surgery is indicated for those with an ADI of 10 mm or
more, a SAC of 13 mm or less on flexion radiographs [23],
neurological involvement, progressive instability and per-
sistent neck pain. A posterior C1-C2 fusion, or rarely
occiput-C2, is the procedure of choice. Internal fixation
using sublaminar wires must be avoided because the os
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odontoidum may be pulled back into the canal with
disastrous consequences. Halo cast is a preferred method of
fixation.

Fixed atlantoaxial rotatory displacement

Atlantoaxial rotatory displacement is a common cause of
childhood torticollis and has many etiologies.

Interpretation of radiographs is difficult [47]. On open
mouth views, the lateral mass of C1 that has rotated
anteriorly appears wider and closer to the midline (medial
offset), whereas the opposite lateral mass is narrower and
away from the midline (lateral offset) (Fig. 7). The facet
joints may be obscured because of apparent overlapping.
The lateral view shows the wedge-shaped lateral mass of
the atlas lying anteriorly where the oval arch of the atlas
normally lies, and the posterior arches fail to superimpose
because of the head tilt. The normal relationship between
the occiput and C1 is preserved.

The C1-C2 “rotatory dislocation”, as defined initially
by Fielding and Hawkins, is classified into four types [48]
(Fig. 8).

e Type 1 is a simple rotatory displacement without an
anterior shift.

e Type 2 is rotatory displacement with an anterior shift of
5 mm or less.

e Type 3 is rotatory displacement with an anterior shift
greater than 5 mm.

e Type 4 is rotatory displacement with a posterior shift.

When considering anatomic variations of the cervical spine,
and physiological limits of the ADI, types 1 and 2 may
correspond to a normal atlantoaxial articulation fixed in a
vicious rotatory position. This was confirmed by our
unpublished study on 20 children without any cervical
problems [49]. A CT scan was performed in the position of

Fig. 7 Schematic anteroposterior view revealing the relationship of
the lateral masses of C1 to the odontoid with fixed atlantoaxial
displacement. The lateral mass rotating anteriorly appears broader,
more cephalad and closer to the midline odontoid process (medial
offset) than the lateral mass rotating posteriorly, which appears
narrower and further from the odontoid (lateral offset)
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Fig. 8 Fielding classification of rotary displacement in atlantoaxial
rotatory displacement (refer to text)

extreme torticollis to the right then to the left (40 positions).
Four independent radiologists interpreted the results inde-
pendently and classified only 24 cases as normal; 14 were
classified type 1 and two as type 2. Types 3 and 4 are very
rare and may produce neurological complications.

The child with rotatory displacement presents with a
torticollis and resists any attempt to move the head because
of pain. The associated muscle spasm is noted on the side
of the long sternocleidomastoid muscle because the muscle
is attempting to correct the deformity, unlike congenital
muscular torticollis, in which the muscle causes the torti-
collis. If the deformity becomes fixed, the pain subsides but
the torticollis persists, along with decreased neck motion.
In long-standing cases, plagiocephaly and facial flattening
may develop on the side of the tilt.

Etiology and pathology are not well known [50]. The
atlantoaxial rotatory displacement occurs predominantly
after a minor trauma, a surgery of the head and neck or
following an infection of the upper respiratory tract.

Spontaneous atlantoaxial subluxation with inflammation
of adjacent neck tissues, also known as Grisel’s syndrome,
is commonly seen in children after upper respiratory tract
infections. A direct connection exists between the phar-
yngovertebral veins, the periodontal venous plexus and
suboccipital epidural sinuses [51]. This anatomic feature
facilitates the translocation of pharyngovertebral inflam-
matory products to the upper cervical spine, which causes
spastic contracture of cervical muscles with subsequent
rotatory C1-C2 displacement.
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Most atlantoaxial rotatory displacements resolve spon-
taneously. Treatment depends on the duration of symptoms
and the severity of neck deformity [52].

e Patients with symptoms of less than 1 week duration
should be treated by means of immobilization in a soft
cervical collar and rest for about 1 week. If spontane-
ous reduction does not occur after this initial treatment,
hospitalization and the use of halo traction, muscle
relaxants (e.g., diazepam) and analgesics are
recommended.

e Patients with rotatory subluxation of more than 1 week
but less than 1 month should be hospitalized for
cervical traction, muscle relaxants and analgesics. A
halo cast is occasionally needed to achieve reduction.

e In patients with rotatory subluxation of more than
1 month, cervical traction may be tried for up to
3 weeks, but the chances of achieving closed reduction
are minimal.

Indications for surgical management are: deformity for
more than 3 months, impossibility of reaching or main-
taining the correction, recurrence of the deformity
following nonsurgical treatment, presence of neurological
signs and persistence of abnormal anterior displacement.
Before surgery, halo traction for several days is used to
obtain as much straightening of the head and neck as
possible; this may not translate into a full anatomical
reduction of C1-C2 dislocation. Forceful or manipulative
reduction should not be attempted [53]. Following traction,
halo-cast is installed in the most physiological position of
the head and neck. In situ posterior C1-C2 fusion is then
performed with the halo-cast in place. The latter is kept for
a minimum period of 3 months. A fusion in a position of
incomplete reduction will be compensated for by a pro-
gressive adaptation of the lower cervical spine [54].

Traumatic instability

Children younger than 11 years of age are more likely to
sustain ligamentous injuries and fractures to the upper cer-
vical spine. Adolescents, however, more frequently sustain
fractures and injuries to the lower cervical spine [55, 56].

If after a trauma, a child is comatose, unconscious or
complaining of neck pain, cervical spine radiographs should
be done [57]. The views recommended are the anteropos-
terior, the cross-table lateral and the open-mouth views. A
unique lateral view can be made if the child is critically ill.

Attention must be made when a baby is positioned on a
standard backboard because the relatively large head will
lead to a flexed posture of the neck; this can eventually lead
to further anterior displacement of an unstable cervical
spine. To avoid this problem, the chest may be raised by a
double mattress or bolster.

If instability is suspected, dynamic radiographs (flexion-
extension) should be performed. Ligamentous injury may
not be seen immediately and dynamic views 10-15 days
later may document instability [58, 59].

Indirect signs raising the suspicion of fracture or sub-
luxation are malalignment of spinous processes on the
anteroposterior view, highly suspicious of a jumped facet
or an increased interspinous distance [60], suspicious of a
posterior ligamentous injury.

CT scan is useful to assess an abnormal radiograph of
the cervical spine or for planning treatment. MRI will help
in assessing the spinal cord and discs and is of premium
importance when evaluating a “Spinal Cord Injury Without
Radiographic Abnormality” (SCIWORA).

Fractures and ligamentous injuries of the upper cervical
spine

Atlantooccipital dislocation Atlantooccipital dislocation
is rare in childhood [61, 62]. Deployment of air bags has
been associated with this injury in children [63]. Most
cases present with complete tetraplegia and survive only by
ventilator support. Some present with hypotension, tachy-
cardia or a cardiac arrest [64].

The diagnosis is sometimes difficult. A distance of more
than 12.5 mm between the dens and the basion suggest the
possibility of atlantooccipital dislocation [61]. CT scan or
MRI may be useful to ascertain the diagnosis. Immobili-
zation with a rigid collar and cardiorespiratory support
constitute the first approach to treatment, and immobili-
zation with halo-cast associated in severe cases with a
posterior occiput-C1 or occiput-C2 fusion with or without
instrumentation are the essentials of treatment [65, 66].
Traction has to be avoided as it causes articular distraction
with additional neurological compromise.

Fractures of the atlas The Jefferson fracture is rare in
children [67, 68]. It is caused by an axial load from the
head into the lateral masses. CT scans are useful in both the
diagnosis of this injury and the assessment of healing. This
injury is usually not visible on radiographs. Treatment is
usually simple immobilization with a Minerva or halo-cast.
Surgery is rarely indicated unless there is a rupture of the
transverse alar ligament, which renders the spine unstable
[69].

Transverse ligament ruptures Isolated ruptures of the
transverse ligament may occur from either mild or severe
trauma [43]. The ADI is increased more than 5 mm.
Adequate ligamentous healing is difficult to obtain by
simple immobilization. The recommended treatment is a
C1-C2 posterior fusion with instrumentation [70] or an
immobilization with halo-cast.
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Odontoid fractures Odontoid fractures are a common
pediatric cervical spine injury [71]. They are usually
physeal fractures of the dentocentral synchondrosis. Neu-
rological problems are rare. These fractures are usually
displaced anteriorly with posterior angulation of the
odontoid and are best seen on lateral radiographs.

The fractures with anterior displacement are easily
reduced by mild extension and posterior translation, and
immobilized with a rigid collar or halo-cast. Healing is
rapid and immobilization can usually be stopped after 6—
10 weeks. These injuries have a low rate of non-union and
do not require a C1-C2 fusion [72].

Spondylolisthesis of C2 Also known as “hangman frac-
tures” in adults, this injury is rare in children. It occurs
following a trauma in hyperextension. These fractures heal
with immobilization (rigid collar or halo-cast) after gentle
reduction. A posterior C1-C3 fusion is reserved for rare
cases of non-union or instability [73].

Fractures and ligamentous injuries
of the lower cervical spine

Only injuries with potential instability are discussed here.
These lesions are more common in older children and
adolescents [56, 74]. The typical patterns of these fractures
are compression fractures of the vertebral body, or facet
fractures and dislocation caused by hyperflexion. These
injuries are like those of adults and the same treatment
patterns apply. Physeal fractures are frequently missed in
severely injured children [75], and instability may occur
with subsequent neurological injuries. Simple installation
in cervical extension is all that is needed to achieve
reduction. Immobilization is done with a rigid collar or a
halo-cast. Healing is fast, as for all physeal injuries.

Post-traumatic ligamentous instability may occur [59].
The upper cervical spine offers little resistance to traumatic
shear forces, which often result in ligamentous injuries. The
problem is to differentiate between this entity and pseudo-
subluxation using the posterior cervical line (Fig. 9). In one
study, 7 of 11 ligamentous pediatric cervical spine injuries
occurred at the C2—C3 level [76]. Treatment of mild sprains
is immobilization for comfort followed by dynamic radio-
graphs 10-15 days later to ensure that late instability does
not occur. Posterior cervical fusion with external fixation
using halo-cast is indicated for persistent instability.

Developmental or dystrophic instability
Down syndrome

Because of collagen abnormalities, children with Down
syndrome have articular laxity with potential instability.
The latter is more common at the upper cervical spine. The
incidence of atlantooccipital hypermobility may be as high
as 60% [29] in children and 69% in adults [77]. Most cases
are asymptomatic [78, 79]. No guidelines exist regarding
the frequency of periodic screening or surgical indications,
except for symptomatic children in whom atlantooccipital
fusion is indicated [80, 81]. Tredwell and colleagues [29]
believe that treatment plans should depend on the amount
of space available for the cord rather than on absolute
values of displacement.

The incidence of CI1-C2 instability in children with
Down syndrome ranges from 7.6 to 22% [29, 82-84]. The
incidence of symptomatic atlantoaxial instability is much
less and varies between 0 and 2.6% [84]. In a yet-to-be-
published study on 442 patients with Down syndrome [85],
we found mild neurological symptoms in 42% of the cases.
None of the patients had major neurological problems.

Fig. 9 Case of a 10-year-old boy with persistent neck pain 3 months
following a cervical spine trauma. a Lateral radiographic view of the
cervical spine. b Flexion view: subluxation of C2 over C3 with local
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Rarely does sudden death occur. Most patients have had
weeks or years of mild neurological symptoms prior to the
catastrophic injury.

Identification of children at risk for dangerous C1-C2
instability is difficult. The systematic radiographic
screening for instability is of unproven value [79, 86]. A
regular clinical assessment is much more helpful. Parental
education regarding the early signs of myelopathy is
extremely important (e.g., frequent falls, deterioration of
upper limb function). Radiographs should include antero-
posterior and lateral views of the cervical spine and of C1—
C2 (open mouth and lateral views). Flexion-extension
radiographs should also be done.

Treatment of C1-C2 instability ranges from simple
avoidance of accidents to surgical fusion. Surgery is indi-
cated for cases with recent or progressive neurological
deficit. Posterior cervical fusion of the pathological levels
with prolonged immobilization (3—6 months) using halo-
cast is the procedure of choice. The incidence of non-union
following surgery is not negligible.

Postoperative neurological improvement is indirectly
proportional to the duration of neurological symptoms
before intervention [87].

Neurofibromatosis

Radiographic features of neurofibromatosis in the cervical
spine are vertebral body deficiencies and dysplasia.
Although instability is rare, lateral flexion-extension
radiographs are recommended before general anesthesia or
surgery [88].

Clinical follow-up is the rule in the absence of neuro-
logical signs. If symptomatic, surgery is indicated. The
strategy is similar to that for those with Down syndrome’s.
Non-unions are frequent after isolated posterior fusion. A
circumferential fusion is recommended because of verte-
bral dystrophy.

Neurological instabilities (cerebral palsy)

Angular and listhetic instabilities are more frequent in
athetoid cerebral palsy [89]. Disc degeneration develops
early and involves multiple levels. The combination of disc
degeneration and listhetic instability predisposes these
patients to progressive neurological deficit. Symptoms
range from mild brachialgia to tetraparesia [90-92].
Treatment is mainly surgical with posterior fusion with or
without instrumentation.

Post-laminectomy instability

Laminectomy is a cause of gradual instability in children,
with a progressive kyphosis rather than an acute

intervertebral displacement. This problem is more common
in the immature growing child [14, 93-99]. If not treated,
cuneiformisation of the vertebral body with anterior
translation may occur, leading ultimately to swan-neck
deformity [98].

Laminoplasty was described by Raimondi as a surgical
modification to avoid post-laminectomy kyphosis [100,
101]. Severe and progressive deformities are managed by
circumferential fusion [95].

Rheumatismal instability (juvenile theumatoid arthritis)

Juvenile rheumatoid arthritis is a chronic synovitis that can
affect the joints of the cervical spine. The subtypes that
usually involve the cervical spine are the polyarticular and
systemic onset types; only rarely does the pauciarticular
type affect the cervical spine [102]. Cervical spine
involvement usually occurs in the first 1-2 years from the
disease onset and presents with stiffness. Subluxation of
C1-C2 or inferior cervical spine is possible [102].

Treatment is essentially non-surgical. Patients rarely
develop flexion deformity; a cervical collar may prevent
this [103]. Fusion is rarely indicated except for children
with certified instability or progressive neurological
deterioration.

Other syndromes
Mucopolysaccharidoses [104—107]

Morquio disease is characterized by C1-C2 instability and
cervical stenosis due to incarceration of the posterior arch
of CI and the high incidence of associated pannus. Par-
ticular attention should be paid when intubating these
patients.

Surgical treatment is indicated whenever there is insta-
bility, or recent or progressive neurological deficit.
Cautious excision of the posterior arch of C1 with posterior
occiput-C2 or C3 fusion is the treatment of choice.

Skeletal dysplasias

The problem usually seen in skeletal dysplasias is cervical
stenosis [108]. However, instability is not exceptional.
Treatment plans follow the same rules as for congenital and
developmental instabilities.

Larsen syndrome [109-112]
Instability is frequent at the C1-C2 level. Another feature
is lysis of the pedicles of C2, leading to displacement of C2

over C3. When general anesthesia has to be done, careful
intubation under fibroscopic guidance is mandatory.
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Posterior occiput-C2 or C3 fusion is performed whenever
neurological complications are of concern. Anterior fusion
is associated in the presence of vertebral body hypoplasia
with angular kyphosis.

Conclusion

Instability of the cervical spine is a relatively frequent

problem

in pediatric orthopedics. Good diagnostic

and therapeutic plans cannot be achieved without a
thorough knowledge and understanding of the anatomical
and physiological characteristics of the child’s cervical
spine.
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